I. INTRODUCTION
Polycrystalline silicon ͑poly-Si͒ thin films on glass are of much interest for use in active-matrix liquid crystal display ͑AMLCD͒ and active-matrix organic light-emitting diode. Excimer laser annealing of amorphous silicon ͑a-Si͒ is widely used for the manufacture of displays, mainly for mobile applications.
1 However, there are still disadvantages such as high maintenance cost and nonuniformity in thinfilm transistor ͑TFT͒ performance and microstructure.
The poly-Si by solid-phase crystallization ͑SPC͒ at low temperatures ͑around 600°C͒ has defects in a grain so that high temperature poly-Si was applied to make AMLCD for projection displays. 2 Note that the intragrain defects can be removed by high temperature annealing at above 900°C. 3 The presence of a small amount of metals in a-Si strongly modifies the nucleation and growth kinetics of SPC, allowing remarkable reduction of crystallization temperature and considerable improvement of TFT performance. 4 Ni is widely used for silicide-mediated crystallization of a-Si by forming a silicide crystallite of NiSi 2 . 5 The lattice constant of NiSi 2 is 5.406 Å which is 0.4% less than that of Si ͑5.430 Å͒. Therefore, the NiSi 2 precipitates can act as crystallization seeds and then lead to lower crystallization temperature. 6 The lattice misfit in the NiSi 2 ͑111͒ /Si͑111͒ can be modified by adding a small amount of other metal. For example, Mangelinck et al. 7 added Co to reduce the lattice misfit between NiSi 2 and Si ͑111͒ and it can be zero when the Co is 10%.
On the other hand, the formation temperature of NiSi 2 can be lowered by the addition of Au since it reduces the mismatch between NiSi 2 and c-Si. 8, 9 The addition of Au can change the free energy of the reaction: Ni͑Au͒Si+ Si → Ni͑Au͒Si 2 , because of the higher solubility of Au in NiSi 2 than that in NiSi.
In our previous work, a-Si was crystallized using an Ni + Au mixing solution. 10 The crystallization rate increases by adding Au in Ni solution and thus the crystallization temperature can be decreased. Even in the presence of Au, the crystallization of a-Si appears to proceed through the migration of NiSi 2 crystallites as in the case of Ni-mediated crystallization. Lowering of the crystallization temperature of a-Si appears to result from the decrease in NiSi 2 / Si interfacial energy by Au addition.
In this article, we investigate the effect of Au addition on Ni-mediated crystallization of a-Si using a capping layer. The Au density was varied with the fixed Ni area density on the SiN x / a-Si. Figure 1 shows a schematic diagram of metal ͑Ni/ Au͒ / SiN x / a-Si structures for metal-mediated crystallization. The metal is Ni ͑a͒, Ni-Au ͑b͒, and Au ͑c͒. Sample preparations are as follows: the a-Si ͑50 nm͒ and SiN x ͑50 nm͒ layers are deposited consequently on SiO 2 ͑200 nm͒ / glass. Ni and Au particles are sputtered onto a SiN x cap layer. Au density was 0 -4.60ϫ 10 14 /cm 2 with a fixed Ni density of 2.45ϫ 10 14 /cm 2 . It was annealed at 550°C for 20 h in furnace with a ramp rate of 10°C / min.
II. EXPERIMENT
The Ni and Au densities on the samples were obtained from the integration of the depth profile for the Si layer measured by secondary ion mass spectroscopy ͑SIMS͒. The SiN x cap layer plays a role in filtering metal diffusion. 11 The Ni density in the poly-Si was about 1 / 3 of the initial Ni density on the SiN x cap layer. After crystallization of a-Si, the SiN x was removed by a buffered oxide etch ͑NH 4 F+HF+H 2 O͒ etchant. The crystallographic properties of the poly-Si films were examined by electron backscattered diffraction ͑EBSD͒. A JEOL 6500F Schottky-type field-emission gun scanning electron microscope equipped with an Oxford INCA crystal EBSD system was used for analysis. 
III. RESULTS AND DISCUSSION
The grain size and structure of poly-Si can be measured by secondary electron microscopy ͑SEM͒, where the poly-Si is partially wet etched to improve the contrast between amorphous and crystalline phases by Secco ͑44 g K 2 Cr 2 O 7 : 1000 ml H 2 O: 49% HF͒. Figure 2 shows the SEM images of the poly-Si films using various Au densities with a fixed Ni density of 2.45ϫ 10 14 /cm 2 . Figure 2͑a͒ shows the 25 m grain size. The major parameters to give grain size are the Ni density, crystallization temperature, and heat-up rate. The grain size increases with decreasing Ni density if the other conditions are the same. 12, 13 The Ni density is higher and the crystallization temperature is lower than the previous values, so that the grain size in the present work is 25 m, which is smaller than that of previous work. 14 The grain size in the poly-Si increases with Au density when it changes from 0 to 2.30ϫ 10 14 /cm 2 . Note that the a-Si is partially crystallized when there is more Au density than 4.97ϫ 10 13 /cm 2 and it is not crystallized when the Au density was 4.60ϫ 10 14 /cm 2 as seen in Fig. 2͑e͒ .
It is found that the grain size is related to the Au/ Ni fraction. The disk-shaped grains in poly-Si can be seen in SEM images although Au is added on to the SiN x / a-Si layer.
The characteristics of disk-shaped grains in poly-Si were investigated in our previous article. 15, 16 The width of needles in the disk-shaped grains is smaller than that of needleshaped grains and the Ni atoms used for crystallization of a-Si are distributed at the grain boundaries formed by the collision of neighboring grains. The grain size is also controlled by the cap layer thickness, a-Si thickness, and Ni density. The grain size increases with increasing cap layer thickness or with decreasing the amount of Ni on the cap. 13 The grain size can be increased by reducing Ni density on the cap layer without Au addition. Figures 3͑a͒ and 3͑c͒ show the crystalline orientation mapping images for the surface normal direction to the poly-Si film. The orientation of grain can be decided from the color coordinate. EBSD experiments are carried out at an accelerating voltage of 15 kV and prove current of 4 nA. Psedo-Kikuchi patterns were integrated for 90 ms and the orientation mapping condition was 128ϫ 128 pixels scanned with about an 0.8 m step in each analysis point. The backscattered electrons form a Kikuchi pattern that can be indexed to yield a unique description of the local orientation in a crystalline region. 17 The grain size is ϳ25 m in crystal- Figure 3͑b͒ shows almost random distribution with a slightly preferential orientation in ͗111͘. However, more grains are oriented into ͗111͘ in Fig. 3͑d͒ . This indicates that the grains are more preferentially oriented with increasing grain size.
The orientation of poly-Si films depends on the fabrication method. For example, the poly-Si by Al-induced crystallization is more preferentially oriented in the ͑100͒ direction to the surface normal and has large grains. 18 The laser crystallized poly-Si on quartz has a preferential ͑111͒ texture of the grains for the samples crystallized in the superlateral growth regime, 19 while, excimer-laser crystallized poly-Si exhibits͑111͒ preferred orientation to surface normal and ͑100͒ preferred orientation appears for rather thick ͑ϳ200 nm͒ poly-Si film crystallized by a frequency-doubled continuous wave Nd: YVO 4 laser. 20 Poly-Si thin films with more than 96% ͑100͒ texture can be produced when 200 shots are used for crystallization with an energy density of 450 mJ/ cm 2 .
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On the other hand, the uniformity and performance of poly-Si can be greatly improved by using a single grain ͑SG͒ TFT. When the channel is inside of a grain, the TFT performance can be the same as silicon on insulator TFT. A metal imprint technology was proposed to make SG TFT. 22 The channel can be located inside a single grain when we used this materials for TFT because the grain size is several tens of m.
14 The grain size can be increased by using pulse rapid thermal annealing which is applied at high temperature for a short period of time to suppress the background SPC of a-Si. 23 In this study, it is found that preferentially oriented large grain poly-Si can be achieved using Ni and Au on a SiN x cap layer. Figure 4͑a͒ shows the relationship between the number of grains per square centimeter which is obtained by SEM image and Au/ Ni ratio. It is divided into three regions: ͑1͒ Au density between 0 and 20 at. %, shows that a-Si is fully crystallized; ͑2͒ Au of 20-97 at. %, shows that a-Si is partially crystallized, and ͑3͒ Au of higher than 97 at. %, shows that a-Si is not crystallized. Figure 4͑b͒ shows the average grain size as a function of Au/ Ni ratio. The average grain size is 25 m when only Ni is used, and it is increased up to 45 m when Au density is 20% of Ni density. In order to evaluate the distribution of Au after crystallization, the SIMS depth profile for the SiN x / poly-Si/ SiO 2 structure was measured as shown in Fig.  5͑a͒ . Au concentration decreases gradually with depth from the top SiN x , but it is less than the detection limit of SIMS in the poly-Si, which is ϳ10 16 /cm 3 in the present work. Most of the Au exists on the top surface of the SiN x cap layer. Therefore, the Au on the SiN x cap layer may diffuse through the SiN x with the formation of an Ni-Au alloy, but it cannot migrate into the a-Si surface. Figure 5͑b͒ shows a schematic representation of Ni and Au diffusion behavior for crystallization during thermal annealing. First, an Ni-Au alloy forms and then the Ni that remained on the surface without forming an Ni-Au alloy penetrates easily into SiN x and reaches the surface of a-Si. The nucleation in a-Si takes place in a-Si by forming NiSi 2 crystallites. The Ni-Au alloy diffuses into the SiN x , but it is trapped in the SiN x cap layer. The Au could not diffuse into the SiN x cap layer, but it controls the amount of Ni diffused into the a-Si by forming an alloy with Ni on the cap.
IV. CONCLUSION
We have studied the effect of Au on Ni-mediated crystallization of a-Si using a SiN x cap layer. The disk-shaped grains are grown and their sizes increase with increasing Au density on the SiN x . The a-Si could not be crystallized when the Au density is higher than Ni density. This indicates that the Ni-Au alloy is formed and trapped into the SiN x cap layer during heat treatment. The orientation of crystallized poly-Si can be more preferentially oriented with increasing grain size. 
